INTRODUCTION
The marine flora of the southern coast of the southeast Pacific Ocean comprises unique communities characterized by the presence of endemic groups inter-mixed with sub-tropical and sub-Antarctic components (Santelices 1980 , Lüning 1990 . Some species are particularly abundant and subjected to intense commercial exploitation or are harvested for local consumption (SERNAPESCA 2001) . In terms of their population dynamics and phenology, many of these organisms have been relatively well studied (Westermeier & Möller 1990 , Gómez & Westermeier 1991 , Westermeier et al. 1994 . However, less attention has been given to aspects related to, e.g. ecophysiological performance, light utilization under changing solar radiation conditions or estimations of primary productivity. In coastal regions south of 40°S, environmental conditions are ABSTRACT: Photosynthetic characteristics of 18 macroalgal species, measured as chlorophyll a (chl a) fluorescence of photosystem II (PSII), pigment contents and susceptibility of photosynthesis to solar radiation, were studied in the field in southern Chile (Niebla, Valdivia) during mid-summer. Photosynthesis versus irradiance curves indicated that algae exhibited sun-adapted characteristics, with saturating points for photosynthesis (E k ) ranging between 50 and 400 µmol photon m -2 s -1 . Under the solar radiation conditions that prevailed during the study period at this locality (daily doses of photosynthetically active radiation, PAR, close to 14 000 kJ m -2 d -1
, with instantaneous irradiances exceeding 2000 µmol photon m -2 s -1 at noon), algae were light saturated for periods (H sat ) between 11 and 14 h d -1 . Daily courses of optimal quantum yield (F v /F m ) of chl a fluorescence of PSII revealed the existence of photoinhibition of 46% at maximum relative to fluorescence measured in the morning. Similarly, the effective quantum yield (Φ PSII ) showed a decrease at noon coinciding with the peak of solar radiation. This reduction in Φ PSII was accentuated when algae were maintained in immersion for the whole measuring period; whereas, in algae measured in situ, i.e. subject to varying tidal height, chl a fluorescence decreased less. Although algae are currently exposed to very high doses of ultraviolet (UV) radiation, short-term exposures of 2.5 h around noon using specific cut-off filters did not result in high photoinhibition of F v /F m (rates < 25%), reinforcing the idea that these intertidal species are characterized by a marked tolerance to current solar UV radiation. Differences in the rates of photoinhibition of photosynthesis as well as in the photosynthetic characteristics were not related to functional-form group (e.g. thin vs thick morphs). Instead, the photosynthetic performance of algae was determined by their position in the shore: algae growing at mid-/infra-littoral zones had lower E k and lower photoinhibition than algae from upper locations.
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Resale or republication not permitted without written consent of the publisher strongly influenced by climatic (e.g. 'El Niño' events), oceanographic (e.g. the Humboldt current) processes and more recently by global atmospheric phenomena (e.g. stratospheric ozone depletion), which alone or in combination result in complex and changing physiological scenarios, particularly for algae inhabiting shallow and intertidal sites.
A variety of evidence in the recent literature indicates that seaweeds are sensitive to enhanced solar radiation, including short wavelengths (UV-B, 280 to 315 nm), and its effects may be expressed as photoinhibition of photosynthesis (Hanelt et al. 1993 , Dring et al. 1996b , Figueroa et al. 1997 , Bischof et al. 1998 , DNA damage (Pakker et al. 2000a ,b, Wiencke et al. 2000 , van de Poll et al. 2001 , inhibition of the activity of enzymes involved in nutrient transport and carbon assimilation , Bischof et al. 2000 , and finally decreased growth (Grobe & Murphy 1998 , Aguilera et al. 1999 , Altamirano et al. 2000 , Pang et al. 2001 . Such findings were derived from studies on species of the northern hemisphere, while southern species have been less intensively studied. Hanelt et al. (1994a) identified diverse daily patterns of photoinhibition of photosynthesis in macroalgae from Antarctica. Similarly, photoinhibition of photosynthesis could be observed in various macroalgal species from the Sydney Basin (Larkum & Wood 1993) and Great Barrier Reef (Franklin et al. 1996) in Australia. No data on lightrelated physiological responses of macroalgae are available from Chile, whose coast-line consists of more than 5000 km. Taking into account that during springsummer ozone-depleted air masses can reach latitudes outside the Antarctic Vortex, it is reasonable to argue that algae in this region are exposed to enhanced doses of solar UV radiation during such episodes. In fact, erythemal daily doses of UV radiation in some areas in southern Chile (40°S) can become as high as 7.0 kJ m -2 (Lovengreen et al. 2000) , whereas PAR doses can exceed 14 000 kJ m -2 d -1 (this investigation). These doses are comparable to values recorded in New Zealand and Australia, and significantly higher than those measured at corresponding latitudes in the northern Hemisphere (Seckmeyer et al. 1995 , McKenzie et al. 1996 or even at mid-latitudes (e.g. Mediterranean coast, . Thus, the implications for coastal ecology and primary production may be considerably greater than those estimated already for some ecosystems in the northern hemisphere (Bothwell et al. 1994) .
In the present investigation, we examined for the first time the course of photosynthetic activity, measured as pulse amplitude modulated fluorescence, of various intertidal macroalgae during a period of high solar radiation in summer (Dec-Jan) in order to elucidate whether these naturally occurring levels of radiation cause photoinhibition or limit physiological performance. Two main questions are addressed: (1) Is there a relationship between photoinhibition of photosynthesis and morpho-functional organization (thick vs delicate algae)? and (2) does photoinhibition vary in algae inhabiting different levels along the intertidal gradient (supra-vs infralittoral)? These studies were accompanied by monitoring of solar radiation and biooptical characterization of the algae including concentrations of pigments and thallus absorptance. This initial effort represents a baseline for further research related to environmental tolerance and acclimation mechanisms of macroalgae that make a substantial contribution to the organic supply and primary productivity in this important biogeographical region.
MATERIALS AND METHODS
Study site. Eighteen species of Rhodophyta, Chlorophyta and Phaeophyta from different morpho-functional groups (Table 1) Measurements and levels of solar radiation. Continuous monitoring of solar radiation conditions at Valdivia were conducted using 2 radiometers placed free of interference on the roof of the Science Faculty of the Universidad Austral, Valdivia. A GUS-511 multichannel filter radiometer (Biospherical Instruments) recorded UV and PAR irradiances every 1 min at 4 spectral narrow bands, 305, 320 , 340 and 380 nm, and 1 broad band (400 to 700 nm), respectively. The spectral characteristics between 280 and 600 nm were monitored every 15 min using a SUV-100 spectroradiometer (Biospherical Instruments). Both instruments were intercalibrated so that instantaneous radiation records from the SUV-100 were used to calculate daily doses of UV, while PAR doses were measured using the GUS-511 radiometer. The study period (14 d) was characterized by sunny days and high irradiances of PAR and UV, with maximal instantaneous irradiances averaging 2500 µmol photon m -2 for PAR and 2.2 and 77 W m -2 for UV-B (280 to 315 nm) and UV-A (315 to 400), respectively ( period at this location. Tidal conditions during the study period resulted in the emersion of lower mid-littoral algae during various hours per day; thus, algae were effectively exposed to these high solar irradiances. Chlorophyll a fluorescence measurements. In vivo chlorophyll a (chl a) fluorescence of PSII was measured with 2 computer-aided portable pulse modulation fluorometers (PAM 2000 and Diving PAM, Walz). Ten individual samples were taken from each treatment and/or species, incubated for 20 min in the dark and measured for optimal quantum yield of fluorescence (F v /F m ), which is an indicator of quantum efficiency (Schreiber et al. 1994 ). In the case of Rhodophyta, a modified PAM protocol described by Hanelt et al. (1997b) was used; as in red algae, the onset of maximal fluorescence after a saturating light pulse occurs very quickly, which is associated with excitation of PSI and delay of the F m decline. The effective quantum yield (Φ PSII ), also known as the Genty parameter, was measured in samples not subject to a pre-incubation in the dark (Genty et al. 1989) .
For estimation of electron transport rate (ETR), thallus pieces (n = 3) were put in a stainless steel chamber and irradiated with increasing intensities of PAR (up to 1500 µmol photon m -2 s -1 ) provided by a halogen lamp of the PAM device (Schreiber et al. 1994) . ETR was then estimated by relating Φ PSII and the intensity of the actinic irradiance (red-light diode) provided by the PAM instrument:
where E is the incident irradiance of PAR, A the thallus absorptance, and a factor of 0.5, which comes from the assumption that 4 of the 8 electrons required to assimilate 1 CO 2 molecule are supplied by PSII. The absorptance was measured according to the technique described by Mercado et al. (1996) , using natural sunlight (average of 10 measurements) as follows:
where T is the transmittance (light transmitted throughout the sample) and R is the reflectance (reflected fraction).
To estimate ETR parameters, maximum ETR and the initial slope, defined as the electron transport efficiency at low irradiance, a modified non-linear function from Jassby & Platt (1976) was fitted to each data set:
where ETR max is the maximal ETR, tanh is the hyperbolic tangent function, α ETR is the efficiency of the electron transport (initial slope of the ETR vs irradiance curves) and E is the incident irradiance. The saturation irradiance for electron transport (E k ) was also calculated as the intercept between α ETR and the ETR max values. The number of hours for which algae were light saturated (H sat ) was calculated from the intersection of E k and the time in the daily PAR curve according to Gómez et al. (1997) .
In situ measurements of Φ Φ PSII . Daily cycles of pulse amplitude modulated fluorescence were carried out directly in the field using a Diving PAM device (Walz the evening, algae were above the water level (lowest tidal height), whereas during the measurements at noon, algae were slightly covered by the tide. In parallel, the same species were maintained in UV transparent Plexiglas chambers under constant submersion in a tank placed directly on the field site. From these algae, measurements were conducted at 09:30, 11:00, 12:30, 14:00, 15:30 and 19:00 h. The water in the tanks and the chambers was renewed continuously in order to maintain ambient water temperature.
Percentage decrease and recovery of Φ PSII were calculated taking into account the values measured in the morning, noon and in the afternoon according to the following formulas:
Daily cycles of F v /F m and exposure to different natural UV conditions. Algae were collected from the field at different times (08:45, 10:30, 12:15, 13:30, 15:00, 16:30, 18 :00, 20:00 h) and incubated for 30 min in the dark, followed by measurements of F v /F m . At 08:45, 13:30 and 18:00 h, samples were taken simultaneously for ETR measurements. Percentage decrease at noon, regarded as photoinhibition, and recovery in the afternoon were calculated similarly using Eqs. (4) & (5).
To evaluate the contribution of the UV component of the solar radiation on photoinhibition of F v /F m some representative species (Porphyra columbina, Mazzaella laminarioides, Macrocystis pyrifera, Enteromorpha intestinalis and Ulva rigida) were examined. Algae were collected, incubated for 30 min in the dark and measured for F v /F m . Thereafter, the algae were incubated outdoors under 3 different light climate setups by covering the samples with different cut-off filters: (1) PAR + UV-A + UV-B, by means of an Ultraphan (Digefra GmbH), transparent to wavelengths > 295 nm; (2) PAR + UV-A, by use of Folex 320 (Folex GmbH), which cuts off wavelengths < 320 nm; and (3) PAR, by use of Schott-GG 400 nm (Schott), which cuts off wavelengths < 400 nm.
The spectral characteristics of these filters have been previously described (Wiencke et al. 2000) . The incubating system consisted of 3 trays each containing 3 l of natural seawater. The trays were put into a large plastic container simulating a water bath, placed close to the shore. The seawater was changed frequently to avoid excessive temperature variations (close to 14°C). Algae were exposed for 2.5 h, which was equivalent to 9.5 kJ m -2 of UV-B, 170 kJ m -2 of UV-A and 3000 kJ m -2 of PAR. After measurement, the algae were left to recover for 3 h under a shading screen to reduce the irradiance.
Pigment analysis. Three samples (0.1 to 0.7 g fresh weight) were taken from selected species, put in plastic bags and stored frozen for analysis later. Chlorophylls (chl a, chl b and chl c) and carotenoids were extracted in acetone (90%) by grinding the algal tissues in a mortar followed by an overnight phase in the dark. The extracts were then centrifuged 2 to 3 times (3000 × g, 10 min each). The absorbance of the supernatant was measured using a spectrophotometer (UNI-CAM UV-visible, model UV-500), and finally concentrations were estimated from the equations of Jeffrey & Humphrey (1975) . The phycobilins in red algae were analyzed from a water-soluble extract using phosphate buffer (pH 6.8). The extracts were then centrifuged for 10 to 15 min at ca. 5000 × g. The concentrations of phycoerythrin and phycocyanin were finally determined using the equations described by Beer & Eshel (1985) .
Statistical treatment. Data sets were compared using 1-way ANOVA and in the case of correlated independent variables (e.g. α ETR , ETR max and E k from the P-I curves), MANOVA was performed. Data from daily cycles were tested using 2-way ANOVA, with species and time of day being the independent variables. In both types of analysis, post-hoc comparisons of means were performed (Tukey's HSD). Significances were set at p < 0.005.
RESULTS

Pigment contents and optical characteristics
Contents of pigments were highly variable among species (Table 3) . In general, green algae showed the highest chl a concentrations (4.9 to 8.5 mg g -1 dry weight [DW]), while in red and brown algae their concentrations did not exceed 2.5 mg g -1 DW. Accessory pigments such as phycoerythrin (PE) reached the highest concentrations in Callophyllis variegata (8.8 mg g -1 DW) and Gelidium lingulatum (7.2 mg g -1 DW). Phycocyanin (PC) was high in the shade-type of Porphyra columbina (3.6 mg g -1 DW). In general, differences in the optical characteristics were found as a result of the morpho-functional group: algae attaining leathery or coarsely branched morphs showed the highest absorptances (> 0.9 relative units). Differences were also observed between the sun and shade types of Porphyra columbina.
Photosynthetic characteristics
Photosynthesis versus light curves of the studied algae are shown in Fig. 2 . The red alga Gelidium lingulatum, the green algae Enteromorpha intestinalis and Chaetomorpha linum, and the brown alga Macrocystis pyrifera exhibited the highest relative maximal photosynthesis, as estimated from ETR calculations. In general, the results did not reveal differences as a function of the morphology or position at the shore. Most of the red algae had low photosynthesis rates and the highest variations in the curve shape. A detailed summary of the photosynthetic parameters (Table 4) ), than algae growing in mid-and infralittoral zones. A resolution using MANOVA confirmed a covariance between the 3 photosynthetic parameters (Wilks' lambda; Rao R index, p < 0.0001, Table 4 ).
Values of F v /F m decreased (photoinhibition) during the noon hours coinciding with the onset of solar radiation (Fig. 3) . Percentage photoinhibition ranged between 17 and 46% and varied among species (p < 0.05; Fig. 3B ,C, Table 5 ). In general, algae recovered in the afternoon to values close to or higher than values recorded in the morning (p < 0.05, Tukey's HSD test), indicating that a decline in photosynthesis under current solar radiation is a transient phenomenon as a result of dynamic photoinhibition. Only in the sun type of Porphyra columbina, no recovery of F v /F m was measured.
In situ measurements of Φ PSII (Fig. 4) revealed interspecific variability on a daily basis (p < 0.05, ANOVA, Tukey's HSD test). For example, in red algae such as Porphyra columbina (sun type) or the green alga Chaetomorpha linum, decreases in Φ PSII were low, whereas in Ulva rigida or Enteromorpha intestinalis, decreases at noon were close to 50%. Likewise, recovery was highly variable ranging between 0 and 130% (p < 0.05; Tukey's HSD test, Table 5 ). When algae were incubated under similar conditions in emersion into Plexiglas chambers (Fig. 5) , decrease and recovery in Φ PSII showed lower variation among species (42 to 67 and 85 to 115%, respectively, Table 5 ). Overall, species and time of day significantly affected the variations in chl a fluorescence (2-way ANOVA, p < 0.001); however, these differences were not related to morphology or vertical distribution. ) and H sat (number of hours during the day for which photosynthesis is saturated; h). Data are means ± SD, n = 4. Similar letters denote non-significant differences among means at p < 0.05 (Tukey's HSD)
Photoinhibition and recovery after short-term exposure to different light treatments
The 5 representative species of red, green and brown algae showed differences in F v /F m related to species and treatments (p < 0.001, Table 6 ). After the 2.5 h exposure to full solar radiation (PAR + UV-A + UV-B), chl a fluorescence decreased by 25% in Macrocystis pyrifera, whereas in Mazzaella laminariodes and Enteromorpha intestinalis, photoinhibition of photosynthesis was close to 13 and 8%, respectively. In Ulva rigida and Porphyra columbina (shade type), photoinhibition did not exceed 5%. In incubations under PAR + UV-A, photoinhibition followed a similar pattern. Only in Porphyra was no photoinhibition seen. In general, with the exception of a 13% decrease in Macro- Table 5 . Decrease at noon and recovery (%) in the afternoon of quantum yield of chlorophyll a (chl a) fluorescence of photosystem II (PSII) in selected algal species at Niebla, Valdivia. Values for effective quantum yield (FPSII) are calculated from in situ measurements and from incubations in Plexiglas chambers. Data are means ± SD, n = 10 to 15 measurements. Results of the ANOVA/MANOVA are also indicated. Similar letters denote no significant differences among means at p < 0.05 (Tukey's HSD) Table 6 . Effect of different UV radiation treatments on maximal quantum yield of fluorescence (F v /F m ). Algae were exposed for 2.5 h to 3 conditions of natural solar radiation: PAR+UVA+UVB, PAR+UVA and PAR and a subsequent recovery period (3 h). Values were calculated in relation to an initial control in the morning as described in text. Data are means ± SD, n = 10 to 15 measurements. Results of the 2-way ANOVA and MANOVA are also indicated. Similar letters indicate no significant differences among means at p < 0.05 (Tukey HSD) Species 2.5 h exposure Recovery PAR+UVA+UVB PAR+UVS PAR PAR+UVA+UVB PAR+UVS PAR Ulva rigida 2.3 ± 0.5 a 6.4 ± 1.4 a 2.6 ± 1.5 a 98.6 ± 2.7 a 93.6 ± 5.6 a 107.5 ± 8.9 a cystis pyrifera, PAR alone did not stimulate significant decreases in F v /F m (p > 0.05). Recoveries ranging from 80.5 to 112.5% were found in all the studied species.
DISCUSSION
The results from this study indicate that intertidal seaweeds are currently exposed to photoinhibitory irradiances during summer. This is a novel finding for algae from Chile and is consistent with previous data from laboratory and field studies on other macroalgal populations in the northern and southern Hemisphere (Hanelt et al. 1993 , 1994a , 1997b , Franklin et al. 1996 , Jiménez et al. 1998 . During sunny days in austral summer, recorded values of PAR and UV were higher than previously measured in equivalent latitudes in the northern hemisphere, mainly due to solar angle and absence of polluting aerosols. Although variations in ozone level occurred, stratospheric ozone-conditioned enhancements of solar UV-B radiation may be regarded as a phenomenon restricted to short-term episodes, generally detectable in spring months (Lovengreen et al. 2000) . Algae inhabiting the intertidal platform in Niebla, Valdivia, were well adapted to these environmental light conditions, which could be demonstrated by a clear expression of dynamic photoinhibition at noon and total recovery in the afternoon. In all the studied species, photosynthesis both measured as Φ PSII and F v /F m decreased at noon and recovered (with exception of 1 species) in the afternoon. During the onset of solar radiation, the high irradiances of PAR and UV became stressful for algae, which however showed the capability for dynamic photoinhibition, i.e. a transient downregulation of the PSII, photosynthesis then recovering to levels close to or higher than the morning values.
Photoinhibition versus morphology
Thallus morphology, thickness and pigmentation strongly determine light harvesting capacity of macroalgae. The various cell layers, characterized by different optical properties, cause self-shading and light scattering, which results in differential light absorption (Ramus 1978 , Enríquez et al. 1994 , Raven & Kübler 2002 . In our study, the sheet-like morphs were characterized by the lowest absorptances (0.6 to 0.8 relative units). Pigmentation also varied between species and morphs, and was related to the taxonomic groups. Accessory pigments such as phycobilins in red algae also accounted for increased absorptance as compared to other groups. Interestingly, 2 ecotypes of Porphyra columbina, the shade and sun types, attained similar morphology, but their absorptances were different due to higher concentrations of phycobilins (Table 3) . Pigment concentrations in macroalgae can be highly variable depending on different light related factors that can determine their daily changes, mainly due to photoacclimation (Algarra & Niell 1987 , Henley & Ramus 1989 , Figueroa et al. 1997 , Sagert & Schubert 2000 . We measured pigment concentrations over the day; however, the variations were erratic and no defined patterns were detected (data not shown). Thus, the survey of pigment contents merely serves to indicate the ranges occurring in these species, which hitherto have not previously been reported. In our study, we were not able to conclude any morphology-dependent effect when the different photosynthetic parameters were compared among species (Table 4) . These results are in accordance with the data reported by Johansson & Snoeijs (2002) for algae from the Baltic Sea and Swedish fjords. These authors found only some morphology-dependent patterns in O 2 -based P max and α, whereas data from light requirements for photosynthesis (E c and E k ) were not correlated to morpho-functional groups. Photosynthesis data, including photoinhibition and recovery patterns, reported in our study, were estimated from the chl a fluorescence measurements, and so are strongly dependent on photochemical processes. Even in polar algae, regarded as shade adapted, their low requirements for photosynthesis (< 70 µmol photon m -2 s -1 ) are not affected by morphology (Weykam et al. 1996 , Gómez et al. 1997 . Such findings suggest that macroalgae, in virtue of their photobiological performance, are highly variable and possess, irrespective of their thallus architecture, a potential to adapt to changing light environments characterizing shallow waters.
Similarly, in the case of responses to UV, the importance of morphology becomes minor when photoinhibition and recovery rates are examined. Although decrease and subsequent recovery in F v /F m were statistically different among species, they were not related to morpho-functional groups. For example, Macrocystis pyrifera, a thick leathery species, had a comparable photosynthetic response after 2.5 h exposure to different UV conditions to the green alga Enteromorpha intestinalis, a species with a sheet-like thallus structure (Fig. 5) . These data indicate that UV tolerance involves metabolic adjustments, e.g. shade and sun characteristics, rather than morphological traits. The reported morphology-dependent susceptibility of macroalgae to UV radiation has generally been studied in different life history stages (Dring 1996a , Hanelt et al. 1997a , Huovinen et al. 2000 . Due to their thin thallus structure early stages normally suffer enhanced detrimental effects on, e.g. photosynthesis, as compared to thicker, adult forms. In general, screening studies examining physiological responses (photosynthesis, pigment content, growth, etc.) of various macroalgal groups to UV radiation do not conclusively show morphology-related responses (Larkum & Wood 1993 , Yakovleva et al. 1998 , Aguilera et al. 1999 . Instead, other factors such as position on the shore strongly determine physiological performance of algae as has been reported for, e.g. sun and shade ecotypes of the red algal genera Porphyra (Figueroa et al. 2003) and Gelidium . In these species, shade types suffered from chronic photoinhibition, whereas their sun-adapted counterparts showed dynamic photoinhibition. Apparently, sunadapted algae are better suited to coping not only with enhanced solar radiation, but also with simultaneously high temperature, salinity and desiccation (Davison & Pearson 1996) .
Photoinhibition versus intertidal zonation
In situ determination of Φ PSII indicated that higher decreases at noon (> 30%) occurred in species in upper littoral locations as compared to species growing at lower zones (< 20%, Fig. 6 , Table 5 ). In the case of the sun type of Porphyra columbina, no recovery was measured in the course of the studied period. Probably, desiccation at the supralittoral delayed recovery, which occurs later at sunset or overnight. Interestingly, the tidal course affected the patterns of photoinhibition and recovery, which was also confirmed in an experiment where algae were incubated during a day under immersion in Plexiglas containers (Fig. 5) . Here, the rates of photoinhibition were quite similar among species and higher than in in situ measurements, and with the exception of Laingia hookerii, an infralittoral species, recovery reached the values measured initially in the morning. Higher photoinhibition rates during immersed conditions compared to conditions in which 113 Fig. 6 . Box-plot indicating (a) light requirements for photosynthesis (E k ) and (b) photoinhibition of photosynthesis in algae from different sites on the intertidal shore. Plots represent medians and upper/lower quartiles of each data set algae were exposed for a long time to the air can be explained by the daily tidal course: during the period of decrease in Φ PSII (08:00 to 13:30 h), the tide was still high (1 m), which could ameliorate photoinhibition due to increasing absorption and scattering of light, while the low tide (16:00 to 19:00 h) coincided with the beginning of the recovery and lower incident irradiances. In contrast, algae kept in the Plexiglas chambers were submerged just under the water surface, and thus were exposed to comparatively higher irradiances than their counterparts measured in situ. Tidal dependence of photoinhibition of photosynthesis has been described in marine macrophytes from South China (Hanelt et al. 1994b) , emphasizing the effect of changing tidal levels on the daily course of photosynthesis and on the magnitude of the light stress in intertidal algae. Although all of the studied species can be regarded as purely intertidal, in situ decreases in Φ PSII resemble those described for algal populations from other latitudes based on depth distribution (Franklin et al. 1996 , Hanelt 1998 ). However, in terms of photoinhibition capabilities, such as the decrease in F v /F m the intertidal algae examined in the present study show a broad range of responses. Taking into account the light requirements for photosynthesis, algae from upper littoral zones have higher E k values than algae growing on mid-or infralittoral fringe (Fig. 6a) . However, only algae collected from mid-infralittoral zones exhibit obviously lower photoinhibition rates (Fig. 6b) . As was mentioned above, E k values were not correlated to morpho-functional attributes, and thus algae set their optimal photosynthetic performance in response to the light environment (Franklin et al. 1996) . Hence, to cope with the high summer solar radiation at the intertidal level, algae have to display efficient photoinhibitory adjustments, irrespective of their photosynthetic machinery (e.g. thylakoid membrane and light-harvesting apparatus) or morphology (e.g. thin vs. thick morphs). This was clearly confirmed in the short-term exposures to different UV climates (Table 6 ). Algae from different locations at the shore and attaining different thallus form were not largely affected by UV radiation. In general, photoinhibition did not exceed 20% at UV-B doses close to 10 kJ m , indicating a high potential to tolerate enhanced solar radiation resembling data reported for some warm temperate species normally exposed to very high solar radiation , Figueroa & Gómez 2001 . The high PAR doses to which algae were exposed during the experiments (close to 3000 kJ m -2 ) could also justify their low susceptibility to photoinhibition under UV radiation. The importance of PAR has been recognized in the reactions involved in photoinhibition of photosynthesis, which photochemically can be defined as the light-dependent decline in photosynthetic efficiency (energy dissipation within the light-harvesting complex II [LHCII] antenna complex of PSII) when PAR photons absorbed exceed the requirements for photosynthesis (Osmond 1994) .
Finally, another explanation for the tolerance of these species to solar UV radiation may be high concentrations of photoprotective pigments. Although we do not show data on UV-absorbing mycosporine-like amino acids (MAAs), parallel to the present study, a survey of MAAs was carried and these results are presented in a separate paper (Huovinen et al. 2004) . Those results indicated values as high as 10 mg g -1 DW, exceeding maximal MAA contents measured in species from other geographical locations (< 7.8 mg g -1 DW; Karsten et al. 1998 , Hoyer et al. 2001 . 
